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mXEGRALLY FOAMED mCRQSTRUCTUKEB.ARTTCT^F^ 

;. Backgrbmid of the Invention . . . .'^ . /. 
This inyentipn relates to. prepariiig extruded articles having surf aee microslructures 
formed with a. microceilular 

polymef matrix and is chaf acterized by a density that is lower than the density of the 
polymer matrix itself. Density reduction is achieved in a number of ways/inchiding 
, through preation of gas-filled voids in the matrix (e.g., by means of a blbwing agent). The. 
foam voi4 is/ of a size less thqji that of the microstructures. 

:• luorder .to.imprQve the mechamcal properties of ^^^^ 
niaterials, a microcellular process was developed for maiiufacturing foamed plastics 
. having greater cell densities arid smaller Cell sizes, Such a process is described, for 
example,, in U.S. Patent No. 4,' 473,665. The process presaturates the plastic material with 
a xmiform, concentration pf.a gas under pressure. sMden iftciuction of thermodynamic 
15 - instability then nucleates a large riuniber of cells. For example, the material is 

presaturated with the gas and maintained under pressure at its glass transition temperature. 
The material is suddenly exposed to a low presstrce to rii^cleate cells and promote cell 
■ growth to a desired size, depending on the desired final density, thereby producing a 
. foamed materid baving microceUular voids, or ceEs^ The material is then quickly 

20 further cooled, or quenched, |o maiiitain the raicrocellular structure. Such a technique 
tends to increase the cell density, i.e., the number of cells per unit volume of the parent 

■ material,/^d to produce much smaller cell sizes^ than those in standard cellular structures. 
. The resulting microcellular foamed materials fe^ 
therm,oplastics and thermosetting plastics, tend to'have average cell sizes in the rangei of 3 

21 to 10 microns, with void fractions of up to 50% of the total volume and maximum cell 
densities of about one billion voids per cubic centimeter of the p^^ 

Microcellular foamed plastic materials are also described in tJ S. Patent No. 
4,761,256 which describes a web of plastic material impregnated with aii inert gas. The 
web is reheated at a foaming station to induce foaming, the temperature and duration of 
the foaming process being controlled prior to the generation of the web to produce the 
desired pharacteristics. The process is designed to provide forprodu.ctipn of foaine 
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plastic web materials in a continuous mdbn^ 
stated to be witiiin a range of fronv2 to 9 microns in diamptw. 
. U.S. PateMNo. 5, 334.359 descn^^^^ 
, , sizes. e.g.. L.O micron or less. Tiie.materials also aUegedly have a wide range of void . 
fraction percentages W very hi^ void fractions (low ri^^^ 

more, to verj. low void fractions (high material densities) down to 20%, or less. • . ' 

, ' Brief Desc ription of the Drawin ps " . 

. FIGXjREl isaschematicviewofafirstmethQdforfonnmganex^^^^ 
hook strip in accordaiice with the invention. : 

HGURE 2 is a schematic view of a further method used in fo^^^^ 
accordance with the present invention. 

. . HGURE 3 is a schematic view of a second method for fonning an extended hook 
strip ih accordance' with the invention. 

nOURE 4 is an enlaced perspective view of a h 
method:of Fig. 3. ; . * 

5 is a cross-section photomicrograph ofa foamed hook formed by a . 
method such as. shown in Figs ■ 1 and 2. • • 

/"^^ ^ is ^'^^™t«rexample photomicrograph of a foamed hook fo^^^^ 
10 method In Figs. 1 and 2. ' 

. . . FIGURE 7 is a photomicrograph of a foamed hbok formed by a method such ai, 
shown in Fig. 3. 

FIGURE 8 is a photomicrogi:aph of a foamed lio0k fonned by a method such as 
shown in Fig. 3. • .. 
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FIGURE P is a perspective viewof a disposable. garment using abrealhabk hook 
fastener member according to the present invention. .' ' - 

FIGURE 10 is a perspective view of a disposable garmentusingahQbkmember 
according to the present invention. . . - 

^^'^U^ 11 is ^Perspective view of a disposable gaiment-using a ^^^^^ 
^ according to the present invention. . . • . . .! . 

FIGURE 12 is aperspectiveyiewof afemininehygiene.articleusingahook ■■■ 
, member according to the present invention. 
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FIGURE 13 i5 a breathable W fasWn^ 
engaging structure. • 

. ; FIGtiilE .14 is a brealhable hook festener .of the present invention used as a body 
• wrap. • • . 

HGURE 15 is a breathable hook-fastener of the present mvention used a^ a body 
wrap. • 



Summary of the Tnv^ntioTi 
. .In a first aspect, tiie invention is directed tc) an article that includes a polymer foam 
having a surface witii surface microstmctures, Tho surface microstructures have at least 
one extent or dimension of about 10 microns or more, preferably 50 microns or more, and 
preferably a:maximum extent (unless it fs a cbntinuous rib-like structure) of about 300 
microns or less, preferably 200; microns or less, and generally a maximum height of 1000 
microns or less, preferably 750 microns or less and aminimum height of 200 microns or 
.tnore,preferably.300 microns or more. The, foamed article maybe provided in a variety of 
shapes,.including a rod, a cylinder, a sheet, etc. In a preferred embodiment where die 
foam is provided in the form 6f a sheet, the foam has a pair of major surfaces, one or both 
of which can be provided with surface aicrostractures. The foam backing and ' 
microstructures include a plurality of voids, which voids are of a mean size substantially • 
less flian the.smallest cross-sectional dimension or extent of tiie inicrostructures. The 
foam cart be formed by known blowing agents. 
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Detailed Description nf the Preferred Emboditnftnt 
.; The shape of the foam is dictated by the shape of die and^or the mold surface if 
^ used. Although a variety of shapes may be produced, the foam is ^^^^ 

form ofa continuous or discontinuous sheet haying surface microstructutes. 
. ' ^^''t^sion process using a singie.screw, double-SCT^^^ 

system may also be used to fomi the foam using a blowing agen^^ . 
chemical blowing agent. The temperature and pressure conditions in the extrusion are 
30 preferably sufBcient to maintain the polymeric material and blowing agent.a& 

.. homogeneous solution or dispersion. Preferably, flie polymeric materials exit the extmder 
and are foamed at no more than SO'C above the melting tempferature of the neat.polymei- 
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t^^^byprbducingdesirablepropertiessuchasuiiifo^ 

physical blowing agent, such. as . CO^ is used, the polymer is generally initially maintained ■ 
■ ?bove the melting temperature. Tie physical blowing agent (preferably in the supercritical 
state) is then injected (oT .otherwise^^ 

. is cooled in the extruder preferably to an exit temperature that is less than 50^e above the 
. ™elti^gteipperatureorTgofthepolymerT<Tn,:(6rT^^ . 
\ maintained at or above 1000 psi (13.8 MPa)/preferabIy 30°C We the piessure isv 

maintained at or above 2000 psi. Under these conditions;the polymer/blowing agent V . 
• generally remains in a . single phase. As the melt mkturep^^^^^ 

. foams and expands, generating foams with preferably small, uniform cell sizes;- When a 
chemical blowing agent is used, the blowing agent is added to the polymer, mixed,' heated 
to a temperature above the T„ of the polymer to iensure intimate mixin 
to an activation temperature.of the chemical blowing agfcnt,Tes]alto^ : " 

gasses. The melt mixture is cooled in the extruder preferably in a manner si 
used for physical blowing agents, A Uquid or soUd chemical foammg agent is generally 
added to the polymer prior to its reaching its molten (T„) state.. . 

A supercritical fluid foaming agent can be defined as a material which i^ 
maintained at a temperature wMch exceeds a critical temperature and^^^ 

exceeds a critical pressure so as to pkce the material in a supercritical fhri^ 

state, the supercritical fluid has properties which cause it to act. in effect, as boti a gas and 

aUquid Thus, m the supercritical state, such a fluid ^sftesoivenifch^^^ 

liq'^d^ l'i^t the surface tension thereofissubstantiaUy less than fl^^^ • . 

fluid can diffuse much more readily into a solute maferial, M in the 

example, it is known that carbon.dioxide (CO^) can'be placed in a supercritical state when 

its temperature exceeds 3 PC and its pressure exceeds 1 lOO psi. 

. When ihe foam is formed into a Kiicrostructured article directly from the extrusiba 
; *e. the polymer liiartqes of the inyen^^^ 

.polymers or polymer blends as wen as semicrystallinepoly^^^^^ 

tomopplymers or cbpolymers. including random and block cppolym^^ The amorphous 
Pol5^e^ have a with the T« typically ah average,^ 
polymer in. the mijrture), of the glass fra^^^^ 
Smtable amorphous.poljnners include,.e.g., p^ 
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.polj^ethacrylics, elasw^^ ^.^eriic. block copolymers., e.g.^. 
: s^ene (SIS)/styrene-ethylene/bu1ylene-styrerie block copolymers (SEES), polybutadiene 
polyisoprene, polycWoroprene, rnndoni and block copolymers of styrene. and dienes (e g ' 
.5t3^«»e-butadienenibber(SBR)).e%lene-propy^ ' 
rubber, ethylene propylene mbber. polyethylene-terephaalate (PETG). Other examples of 
.^oiphous polymers include, e.g., polysty^^^ ' : .. - 

polyvinylcyclohexane. pofyacrylonitrile. polyvinyl chloride, thennbplastic polyurethanes, 
aromatic epoxies. amorphous polyesters, amorphous polyamides. aciylonitrile-butadiene- 
stj^ene CABS) copolymers, polypheiiylene oxide alloys, high imp 
polystyrene copolymers, polymethyhnethacrylate pPMMA), fluorinated ela^ome'rs, 
• P<>lydim.ethylsiloxane.'p.olyetheri^ 

polyolefins, polyphenylene oxide, polyphenylene oxide- ^^^^^^ 
. containing at Idast one amorphous component, and mixtures theredf ■: 

When the microstructured article is formed by contact with a mold surface having 
the microstructures therein the polymer must be maintained in a molten state foUowing •. . 
extrusiotj-from the die. Amorphous polymers generally freeze immediately ^lid are Aot 
preferred for this process. Semicrystalline polymers are preferred. For example, hi^. 

medium, low and Unear low density polyethylene, fluprop6lyiners, pp 
: ettiylene/acrylic acid copolymer, ethylene/ym^^^^ . 

copolymer, styrepe/butadiene copolymer, ethylepe/styrene copolymer, ethS^lene/ethyl 
.aciylate copolymer, ionomers and themioplastic elastomers such as styrene/ethylene- 
. butylen^/styrene (SEES), and ethylene/propyle^^^^^^ copolymer ^PDM), Preferred are 
polyolefins such as polypropylenes or polyethylenes and most preferably high melt 
. . ; strength polyolefcs, such as branched polyolefins. These h^^^^^ 
. help control the growth of the foam cells within the desired range necessary for creating 
^l^rdiscreteniicrostructures and prevent coUapse of t^^ 
formation if needed. Suitable semi-crystalline materials include polyethylene, 
polypropylene, polymethylpentene. polyisobutylene. polyolefin copolymer. :kyloix. 6. ■' 
. Nylon 66. polyestef, polyester copolymers, fluoropolymers, poly vinyl acetate, poly ^yl 
alcohol, poly ethylene oxide, fimctiorialized polyolefins^ , . 

copolymers, metal neutraUzed polyolefin ionomers available under the t^ade desi^tion 
SURLYN (E,I, DuPont de Nemours, Wilmington. Delaware), polyviriylidene fluoride. 
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polytetrafluoroethylene, pplyfonnaldehyde, polyvinyl butyral, and copolymers having at 
least one semi-crystalline cpmpound. Prefeired high melt streflgth potymefs are high melt 
str^gth polypropylenes which include homo- and copolymers', cbtttaining 50 weigbt 
• percent or more propylene inonoiner imits, preferably at least 70 weight percent, and have 
5 ' a melt strength iii the' range of 25 to. 60 cN at 190°C. Melt strength may be conveniently 
measured usjng an extensional rheometer by extniding the pol^ 

diameter capillary having a length of 41.9 mm at 190°C and at a rate of 0.030 cc/sec; the 
strand is then stretched at a constant rate while measuring the force to stretch at a 
particular elongation. Preferably the melt strength of the polypropylene is in the range of 
10. . . 30 t9 55 cN, as described in WO 99/61520. 

Such high melt strength polypropylenes may be prepared by methods generally 
known in the art. Reference may be made to U.S. Patent No. 4,916,198 which describes a 
high melt strength polypropylene having a chain- hardening elongational viscosity 
prepared by irradiation of linear propylene in a controlled oxygen environment. Other 

15 useful methods include those in which compounds are added to the molten polypropylene • 
to introduce branching and/or crpsslinking such as liiose methods described in U.S. Patent 
NO. 4,714,716, WO 99/36466 and WO 00/00520. High melt strength polypropylene. inay' 
also be prepared by irradiation of the resin ks described in U.S. Patent No. 5,605,936. Still 
other useful metiiods include forming a bipolar mplecular weight distribution as described 

20 in JT Raukpla, "A New Technology, To Manufacture Polypropylene Foam Sheet And ■ 

Biaxial Oriented Foam Fihn^ VTT Publications 361, Technic^ Reseirch 
Finland, 1998 and in tJ.S. Patent No. 4,940,736. 

Generally, the fbamablepplypropylenes may cornprise solely prppylene 
homppolymer or may comprise a copolymer having 50 wt % or more propylene hionomer 
25 contei^t. Purser, the fpamable propylenes may comprise a inixture or hlead of propylene 
homopolymers or copolymers witii.a homo- or copolytner other than propylesne homo- or 
copolymers, Particularly useful propylCTie copolyniers are those of pirc^ylerie and one or 

more non-prbpylenic monomers. -Propyleiie copolymers include random, block, and 
grafted copolymers of propylene a^d olefin monomers selected from the groi^ consisting 
30 of e&ylerie, C3-C8 a-olefins and C4-C10 dienes. Propylene copolyniers may also include 
terpolymers of propylene and a-oteW selected from the group CO 
olefins, wherein thea-olefin contentof suchterpolymersis iireferably less .than4 
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The Cj-Cg a-olefins include l-butepe. isoTbutylene; l-pbntene. 3-methyl-l- biitene, 1- . 
... hexene. 3-methyH.hexene. and the like. Examples of . 

. C4^9>o dienes include li3-b^^^ . 

. . dimeiiylhexadiene and the like! : 

. lif high mek strength polymersiare^ 
weight) of amorphous polymers may be added to the. high melt strength polynier. Suitable 
■ ^nipipho'is polymers include, e.g., polystyrenes, polycarbonates, polyacrylics, . " 
; poly^ethacryUcs, .elastomers..such as styrenic block copolymers, e.g.. styrene-isopr^ne. 
styrene (SIS),, styrene-ethylene/butylene-styrene block copolymers (SEBS). polybutadiene. 
.polyxsoprenp. polychloroprene, raiidom ani block copolymers of st>aene and dien^^ 
, styrene-butadiehembber(SBR));ethylene-propylen^^^^^ ' 
rubber, ethylene propylene rubber, polyethylene-terephthalate (PETG). Other examples of 
amoiphons polymers include, e.^., polystyrene-polyethylene:copolymers, • " 

,poly^dhylcyclohex■ane,polyacryIqn^trile,poly^nylc . 
. - aromatic epoxies, amorphous polyesters, amorphous polyamides, acfylonitrile-butadieiie- 
.. styrene (A^S) copolymers, polyphenylene oxide aUoys, high impact polystyrene, ■ \ 
' Polystjaene copolymers, polymethyhnethacryiate (PMMA). fluoiinated elastbmis. " 
V Pofy'itoethyl siloxane.polyetherimides, amorphous fluor^ ' .. 

polyolefins, polyphenylene oxide,polyp^^ 
; containing at least one amorphous component, and mixtures thereof 

• Inadd . 

other addedcomponents such as dyes, particulate materials, a colorant, mi ^iltraviolet 
absorbing material, inorganic additives, and the like. Useful inorganic additives include 

; glass fibers. Ti02, CaCp3, mica or high aspect 

Either a physical or chemical blowing agent may plasticize, i.e;^^ . 
T,of,thepolymericmaterial. WiththeadditionofaW^^^^ 
, be processed^d foamed at temperatures considerably lower than otherwise-might be ' 
required, and in soiiie case^.may he proce^ 

polypropylerie. The lower temperature can iUoW the fdin to cool and stabilize (i.e:,^ 
a point of su^cient solidification to arrest finlheT cen g^^ 
. more Uiiifonn cell sizes). * 
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> . Physical.blowing agents usefU in the prese^^^ any materials that 

are a vapor at the fekppeiature and pressure at whicji the fq^m exits the die. A physical 
blowihgagent miy be introduced, i.b.. mjected into flie polymeric material as a gas pr ' 
supercritipal fluid. Flammable blowing agents such as pentane, butane and other organic 
. niaferiais may be usedi but iion-flammable 'noh^ toxic, iiori-ozone depleting blowing 
agMits such as catbon dioxide, nitrogen, water, SFgy nitrous oxide, argon, hehum, noble 
; gases; suGb.as xenon, air (nitrogen and oxygen blend), and blends of these materials are 
preftired because they are easier to use, e;g., fewer environmental and safety concerns. . 
Other suitable physical blowing agents inGlude,.e.g., hydrofluorocarbons (HFC),.' 
hydrochlbrofluorocarbons (HpFC), and fully- or partially fluorinated ethers. • / 

• . : Chemical blowing agents are added to the polymer at a teinperature hslaW that of .. 
activation temperature of the blowing agent, and are typically added to the polymer . 
feed at room temperature-prior to introduction to the extruder. The blowing agent is then 
:mixed to .distributeit throughout the polymer in unactivated form, above the melt : 
temperature of the polypropylene, but below the activation temperature of the chemical 
■Mowihg agent, Once dispersed, the chemical blowing agent may he actiyated by heaiihg- - 
^•the mixture to a temperature above the activation temperature of the agent Activation of ' 
the blowing agent Kberates gas either through decompositi^^ 

blowing agents such as azodicaibonamide) or reaction (e.g., endo . . 

blowing agents such as sodium bic^boriate-citric acid mixtures)„such as N2. CO2 and/or 
H2O, yet ceU formation is restrained by the temperature and pres^^ 
chemical blowing agents typically activate at a temperatiire of 140°C or above. • . 

Exaniples of chemical blowing agents include synthetic azo-, parbonate-, and 
hydrazide based molecules, including azodicarbbnamide, azodiisdbutj^nitrile; . • 
benzeiiesulfonhy<kazide..4.4-oxyben2enesiilfonyi-^ : 
semi-carbaade, barium azodicarboxylate.N.N'-dineayl.NJ^'- di^ ' 
and trihydrazino triazine. Specific examples of these materials are Celpgen OT (4,4' 
oxybis (benzenesulfonylhydrazide)). Other chemical blowing agents include endottermic 
reactive materials such as sodium bicarbonate/citric acid bends that release carbon 
.dioxide. Specific ex^tinples inplude Reedy Intematiorial Coip SAFOAM products. ' ■ 

With either a chemical 6r physical, blowing agend as «ie melt mfacture »dts the 
extruder through a shaping die, it is exposed to the much lower atinospheric pressure 
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''^Hsingfte blowing agent (or its decomposition 
; fonnahon resulting in.foamirig of the ineltmixt^ 

temperature is at or below 5d»C above the of the ne^t polymer, the increase in T„, of 
: . the polymer as the blowing agent comes out of the solution causes ciystallizatioii of the 
polypropylene, which in turn arrests the growth and coalescence of the foam ceUs wiftin 
seconds or. most typically, a fraction of a second. Hiis preferably results in the formation 
, ...of small and uniform voids in the polymeric material. When &e exit temperature is no 
morethan50°CabovetheTn,oftheneatpolymer,theextensW ' 
polymer increases as the blowing agent comes otit of the solution and the polypropylene 
rapidly crystallizes. When a Wgh melt strength polym^ 

thickening behavior is especiaUy pronounced.- These factors ^est the growth and ' - ■ 
coalescense of the foam cells within seconds or. most l^TicaHy, a fraction 
Preferably, under these conditions, the formation of small and umform • 
polymeric material occurs. When exit temperatures are in exbess of 50«C above the T^^ of 

theneatpdlymer.coolingofthepolymericmaterialmaytake ' 
. mnfbxm. unarrested cell.growth. . In addition to the increase- m T^, a^iabatic cooling of the 
foam. may occur as the blowing agent ejqpands. , 

'^^^°'^°fWowing agent incorporated in1» the foamable polymer 
generally chosen to yield a foam having a void content in excess of 1 0%, more preferably 

m excess of 20%. as measmred by density reduction; [1 - the ratio of the densi^ o^ 

fotoi to.&atoftiie neat polymerj x 100. Generally, greater foam void content reduces the 

foam density, weight and material costs for.subsequent end uses;' ' 

. :i^fi«iably, fiiefoipwd fi»« « oriented Wdh as'by luua^ or biaxial.^tciung'ii 
. mutually perpendicular directions at a temperature above the alpha transition temperature 
and below.fte melting temperahure 6f the polynier matrix (e.g^^ 

GeneraUy. m biaxial stretching, the film is stretched in one direction first and then in a 

second direction perpendicular to the first However, stretching may be effected in bo • 
dnrections. simultaneously if desired. If biaxial orientation is desired, it is preferable to 
smmltaneously orient the foam, rather than sequentiaUy orient the foam along the two . 
major axes. In a typical sequential orientation process, the fihn is stretched first in the 
dnrectionofextrusionoverasetofrotatingroUersandthenstretchedinthedirection 
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. transverse thereto by meai^^ Alternatively,, foams may b^^ 

in i>o«i the jmchme and transversa, d^^^^ ; 
stretched in one oi: both directions 3 tp 75 times total draw ratio (MD x GD) for biaxial 
.strptclung or .1.10 times for uniaxial stretching. Generally greater orientation is achievable 
using foams of small cell size; foams having cell size of greater than 100 microns are not 

.. readily biaxially oriented more than 20 times, while foams having a cell size of 50 microns 
or less cpuldbe stretched up to 75 times total draw ratio. In addition foams with smaU ". 

average cell size exhibit greater tensUe strength and elongation to bre^ 
The final thic]mess of the foam ^^^^ 

■ thickness, the degree of orientation, and any additional processing.- Hie preset inveiitiori ■ 

providesthimierfoamsthanaregeneraUyachievablebypriorartprocesses. Mostfoams 
, are limited in thickness by the cell size. In the present invention, the small cell sizes (100 
microns or less) in combiiiation with the orientation allows a foam sheet thickness of 25 

microns to iOOO microns, and foam sheets of 25 microns to 100 microns, are readfl^ : 
prepared. This is extremely desirable with microstructured hook structures as a soft 

■ <=o"fortnable backing is obtained that can be used in many uses where con^ ' 
active wearer (e.g., a person) is desired or possible. SpeQifically. the foamed hook .with 
microstmcturedhooks can^be used with disposable absorbent- articles such as diapers as a 
Plosure tab,, which is soft to the touch and is aesthetically pleasing due to its peaxlescehf 
appearance. Other uses where a hook strip or tab would be in. contact with a saisitive 
surface would include medical wrap..;sport wraps, head^^^^^ . 
hygiene articles. Suitable backings can have.a softness of from 10 to 2000 Gurley units, 
preferably from 10 to 200 Gittiey units. 

^?^^«^^^lyv*«foamcanhaveceUsizesof2tol00imcrons,pre^^ 
, microns. Thefoammayaltern^tively.pradditionaUy.haveacen.sizedi^^ • 
polydispersity from 1.0 to 2.0. preferably from 1.0 to l;5. mbre preferably frpm 1.0 to 1.2. 

The polymer foam surface microsfructures generally have at least pne cross. , 
sectipnalextentpfabont.lOmiq:onsormbre..preferably50,ibicionsor'^^^^^ " 
discfete microstmcture rather than a cohtinupus. or discontinuous rib or the like the 
miprostiucture could have a ni^imum extent of about 300 microns pt less, preferably 200 
micions pr less, a maximum height pf 1000 microns or less, preferably 750 microns or less 
andaminimumheightof200.nucronsormore.preferably300micrpnsorm6re. An ' 
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extent of the nucrostructure is generally considered a dimension of ihe microstmcture 
. . . from one fece to an opposite ox opposing face or.interfece (e.g. the base of the 
nucrostractitte-where it is joined tda^^^ 
; thickness, dimension or some bitKer dimension at some portioii of .flie microstructure : 
5 . . The microstructures snmllest-crbss-sectiqnal dimen^^^ is genef ally 10 microns or 

more.. The smallest crpss-sectiohal dimeiisioii generally would exclude the tips of a 
. niicrostruGture, and would generally be measured at a distance of 10 microns or more from 
a tip. The snaalles^ cross-seijtional.dimensibn could generally be any extent such as a 
length, width or height dimeiision or any other extent that would be flie shortest distance 
10 .. that could be, diawn from. one surface or face of the microstructure to an opposing surface 
.. .or face. The microstructure height is generally iOOO microns or 

dirnension is 0;7.5 or less, preferably 0.5 or less. . The foarned article may be provided in a 
variety ofshapes, including a rod, a cylWef, a sheet, etc.- Preferably, the foam is provided 
15 . . in the form of a sheet, the foam has a pair of major surfaces, one or both of which can be 
■ : provided with surface niicrostructures. The foam backing and microstnictures both 
; include a plurality, of voids, which voids are of a mean' size substantiaUy less than the 
■■ smaiest cross-sebtional dimeiisipn or exte^^ : '. 

The foam can also comprise at least one layer in- a multi-layef coristmction by a 
20 . . : coextrusion process whereby a foam is coextruded with at least one oikef. material, which 
may be a foamed or unfoamed material. For example, the foam can comprise spme or all 
. of the surface microstructures with a non-foamed backing or, conversely, the foam can 
comprise some or all of the backing with non-foariied surface microstructufds. 

The coextrusion process may be used to make a foam material comprising two 
25 layers or more. A layeredmaterial or article may be produced by equipping a die with an 
appropriate feed block, e.g., a muitilayeir feedblock, or by using a multi-vaned or multi- . 
manifold die such as a 3-layer yane die avanable fi-bm Cloeren Corp. (Orange-. Texa.s). 
Materials or articles haviiig multiple adjacent foam layers may be made.with foam layers 
-comprising the same or different materials. Foam articles of the present invention may 
sq comprise one or 'more interior and/or exterior foam layer(s). in such a case, each • ■ 
extrudable, foamable material may be processed using one of the abdve- described 
^ extrusion methods wherein, melt mixtures are fed to different inlets bn.a multi-iayer 
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feedblock; or multi-manifold die, and sire brought together prior to exiting the die. The 
layers foam in generally the same manner as described above for the extrusion process.' 
the multi-layer process can also be iised to extrude the foam of this invention with other 
types, of matCTials such as unfoamed polymeric materials aiid any other type of .polymeric 
, • material. When a multi-layered article is produced, it is preferable to foim adjacent layers 

using materials having similar viscosities, and which provide interlayer adhesion. 
. , If adjacent, layers of materials are heated to substantially different temperatures, a 
die can .be used that wiU thermally isolate the different materials until just prior to their- • 
exiting the die, for example the die disclosed in U.S. Patent. No. 5,599,602. this can 
diminish or eliminate negative effects of contacting the different materials such as melting 
. or coUapsing the foam or causing continued cell .expansion coalescense. 
^ The foamable melt mijc may also include additives. Examples of suitable additives 

include tackiiiers (e.g., rosin esters, terpenes, phenols, and aliphatic, arbmatic, or mixtures 
■ of aUphatic and aromatic synthetic hydrocarbon resins), plasticizers (other than physical 
isiowmg agents), nucleating agents (e.g., talc, silicon, or TiOj ), pigments, dye 
reinforcing agents, solid fiUers, hydrophobic or hydrophilic siUca, calcium carbonate^ 
toughening agents, flame retafdaiits, antioxidants, finely ground. polymeric particles (e.g.; 
polyester, nylon, or polypropylene), glass beads, stabiUzers (e.g., UV stabilizers), and 
combinations thereof. 

A preferred microstructiire formed in Ihe present invention is a microstructiired 
hook. A first method of fonning foamed microstractured hook strips with a cpntiniious ~ 
foam film-like mm backing is by extruding a foamable semi-crystaUiie theinioplastic 
resin through a die otito a continuously moving mold surface with^cavities. This is 
generally a roll surface 3 as shown in Fig 1. The molten foam is .extaided.or forced into, 
the cavities 12 <?y pressure generally by use of a iiip. In the case, df Fig. 1, the nip is ' 
formed by the extruder ^e 8 and the roU 3 but alternatively the polymer could be extruded 
between two roll surfaces or the Uke; The nip or gap is sufficient that a fihn backirig 30 is 
also formed over the cavities. The film backing preferably has a smooth surface along the 
back but could have a textured or rough surfece. The formed inaterial 20 has projection or 
hook elements 28 projecting firom a foam backmg 30 which material is removed from the 
mold surface by a take-up device 2. A vacuum canbe used to evacuate the cavities for 
easier extrusion into the cavities. 
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. . Thecavities 12 could be in the shape of the final hook elements as d^^^^^^ 
example, in U.S. Patent Nos; 6^ 74.476 or 6,540,497; Inthis case, a generally , ' . 
continuously tapered hook is puUed ifroni continuously tapered hook cavities iii its final 
hook form or at least ai partiaUy- foimed hook element;- Also, the extruded strip' 20 could 
be a foam Web provided with only partially formed hook elements or, shown in Fig. 2, 
unfonned hook elements forming projectiotis. The tip portion 26 of thes^ projections, (or 
the tips of partially formed hook elements) then could be subsequfently formed into the' ! 
desired finished hook elements 32. This would, in a preferred method, be done by ' 
deforming the tip portions using heat and/or pressure. The heat and pressure, if both are 
used, could be appUed sequentially or simultaneously. Inapreferred mefhod, heat and. 
pressure is selectively applied to the tip portion 26 in a nip 21. In this case, there is 
.provided a nip .21 having at least one first heated surface member22 and at least oiie 
second opposing surface member 24. The nip has a gap which gap has a c^^^ 
zone defined by a firist entry gap width and a second end gap width: The first gap width is 
substantially equal to or less than the web first average thickness. The second end gap 
width is less than the first web thickness and is the smallest^p.widtii of the nip 21 . The 
final hook stinp has formed hook heads 32 on the projection 28. ' • . 

■ A:^ecific suitable method for forming a foam having an array of upstandiig' 
. projections for use in the Fig.. 2 process is shown in Fig. 1. A feed stream of preselected 
• foamable.thennoplastic resin is fed by conventional means into an extruder 6 which melts 
the resin and moves the heated resin to a die 8. The die 8 extrudes the resin as a wide 
ribbon of material onto a mold surface 3, e.g., a cylinder, having an array of mold- cavities 

12 in the form of elongated holes, which preferably taper to facmtate removal of the 
soUdified resin firom liie mold cavities. These holes or mold cavities are preferably in «ie 
form of straight (i.e., only one axis in the length direction), cavities. The mold cities can 
be connected to a vacuum system (not shown) to facilitate lesiii flow iiito the mold •. 
cavities. This could require a doctor blade bi: knife to remove excess material' extruded 
into the interior face of the mold cylinder. The mold cavities 12 preferably terminate in 
the mold surface having an open end for entry of the liqiiid .resin- and a closed end. , In this 
case, a vacuum cotild be used to at least partiaUy evacuate the mold cavities. 12 prior to 
entering the die 8. The mold surface 3 preferably matches Ihat of the die 8 Where they are 
in contact to prevent excess resin being extruded.out. e.g., the die side edges. The mold 
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surface and cavities can be air or witer cooled, or the like, prior to stripping the integrally • 
formed backiiig and upstanding fonned stems from the mold surface such as by a stripper 
. roll 2. ™sprovidesawel>20ofabacking30havirigintb^^^^^ 
or hoolcs 28 of thennopkstic matefial. Alternatively, upstanding stems could be formed . 
on a prefonned Wkmg or ihe Iflce by extnision moi^^^^ 

More, specifically describing the Fig. 2 process, the heated calender roU 22 coiitacts- 
a predetermined portibn of a distal end 26 of the stems 28 projecting upward from the . : 
backing SO to form a capped head 32. The roll temperature Avill be that which will readily 
deform the distal ends 26 under pressure created by the nips in the cDmpression zone 38 
without causing r^in to stick to the roll 22 surface. The roll 22 surface can be treated witii 
release coatings resistant to high temperature to allow for higher temperatures and/or 
longer contact times between the stem tips or distal ends 26 and the heated roll 22 . 

The hooks are generally of uniform height, preferably from about 0.10 to i;3 nan 
in height, and more preferably from about 02 to 0.5 mm in height. The capped stem- 
hooks have a density on the backing preferably of from 60 to l,600:hooks>er square • 
• centimeter, and in one prefenred embodimeiit from about lOO.to 700 hooks p'er square • 
centimeter. With capped hooks, the stem portions have a diameter adjacent the heads of ' 
preferably from 0.07 to 0.7 mm, and more preferably from ibout O.l to 0.3 mm. The' 
capped heads project radially past the' stem base portions on at least.one side, preferably 
20 two or more sides, preferably by, on average, about 0.01 to a.3 mm, tod more preferably 
by, on average, about 0.02 to 0.25 mm and have average thicknesses betwe^ thdr outer ' 
and mner smfaces (i.e., measured in a direction parallel to the axis of the stems) preferably 
. from about 0.0 1 to 0.3 mm and more preferably from about 0.02 to 0. 1 min. ^ ^^^^ 
. . heads have an average diameter (i.e:, measured radiaUy . of :aiea3ds;p 
25 andthestems) to average capped head thickness ratio preferably from 1.5:l.to 12:1, and 
more preferably from 2.5:1 to 6:1. .' 

For most hpbk-ahd-lpop uses, the hooks should be disfriljuted substantially. .. ' 
uniformly over the entire surface area of the hook strip, usually in a square, staggered or - 

hexagonal array. For hennapluroditic uses, the hooks preferably are distributed to prevent 
30 lateral sUppage when engaged. . . .. 

A second method for forming a foamed hook strip having hooks, sue 
Fig 4,.is schematically illustrated in Fig. 3. GeneraUy, the metiiod includes first, exfruding 
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astpp Saof foamable thenrioplastic resiri from an extruder 51 thiough a die 52 having an 
bpehing cut. forpxample, by electron discharge machining, shaped to fonnthe strip 50 
;. with.a base and elongate spaced ribs F.rojecting above an upper surface of flie base layer 
, thathave &e cross sectipnai shape of me hook portid^^ 

foamed strip 50 is pulled abound rollers 55 through a quetich tank 56 filled with a cooling 
liquid (e.ig.. water), after which the ribs (butiiot the base layer) are transversely sht or cut 
atspaced. locations aloiig their lengths bya cutter 58to form discrete portions of the ribs 
hayiiig lengths corresponding to' about the desired thicknesses of the hook portions, to be 
■ formed. Optionally, the strip can be stretched prior to cutting to provide further molecular 
orientation taOie polymers fonningthe ribs and/or reduce the size of the ribs and the 
resulting hook members formed by sUtting bfthe ribs. The cutter 58 can cut using any 
conventional means such as reciprocating or rotating blades, lasers, or water jets, however 
preferably it cuts using.blades oriented at an angle of about 60 to. 80 degrees with respect 
to length of the ribs. 

After.cutting oftiie ribs, the base ofthe strip 50 is longitudm^^^ , 
stretch ratio of at least 2 to 1, preferably at a stretch ratio pf about 4 to 1, preferably • 
between a first pair pf nip rollers 60 and 61 and a second pair of nip rollers 62; atid. 63 < 
: driven at different smface speeds. Optionally, the strip 50 can also be transversely : 

stretched to provide biaxial orientationto the base. RoUer 61 is preferably heated to heat 
. the base prior to stretching, and the roller 62 is preferably chilled to stabilize the stretched 
base. Stretching causes spaces between the cut portions of tiie ribs, which then hecome the . 
hook portions or members 74 for the completed hook fastener portion 70. 

Referring now to Figs. 4 and 5, a.hook fasteiier portion 10 compri^^ 
flexible fihn-like foamed backing 11 having generally p^lel upper and lower major 
surfaces 12 and 13, and a multiplicity of spaced hook members 14 prpjecting from at least 
the upper surface 12 ofthe backing 11. The backing can have planar suifeces or surfece 
features as cpuld be desired for tear resistance or reinforcement : The hook members 14 
eachcompriseasitem pprtipn 15 attached at pneeijd to the backm^ 11 and preferably . 
Irving tapered sectipns that widen tpward the backing 1 1 to increase the.hpok anchprage 
and breaking strengths at their jimcHires with the backing 1 1. and a head pcrtion.l7 at the 
end ofthe stemportion 15 opposite the backing 11. The, sides of the head portion 17 can 
be flush with the sides of the stem portion. 1 5 on two opposite ^ides. • The head portion 17 
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^ has hook engaging parts or arms projecting'past the stem portion 1 5 on one or both sides. 
. ■ : The hook nxanber has a rounded surface 18 opposite the. stem portion 15 to help the head 
. portion: 17 enter between loops in a loop fastener portion." The head portion 17 also has 
' transverse cylin±ically concave surface portions at the junctures between the stem portion 
.5 15 and the surfacesofthe head portion 17 projecting over the backing The foam cell 
size is substtotiaDy smallet than the smallest cross-sectional extent, of the microstnic 
hook element Fig. 6 is an embodiment of a hobk fastener pprtion 64 foim^ 
having a cell size rairige that is larger than flie smallest cross-sectional extent of the hook 
. members 65. The hook heads 68 Me nusforined or nonexistent. T^ 
10 • inreguiar and its upper and lower surfaces 62 and 63 are nonpara^^^^ 

• variations in thickness! ' 

In. certain appUcations, it has been discovered that Very low hook densities are 
desirable. For exaniple, hook densities of less than 100, preferably less than 70 and even 

less than 50 hook per square centimeter are desirable when used to attach to low loft ~ 
15 nonwovens using a relatively large area flexible hook fastener tab or patch formed of a 

foamed hook fastener. This low spacmg has been found to inqrease flie hooking efficiency 
. . offhe.ih<Kyidual hook element, particularly relatiye-tolow^ 

nbnwoven materials not faaditionally used as loop products. ,The hook iah or patch'is also 
made flexible by suitable selection of the polymer fonning the base layer and'or by the 

20 . stretcMng bfthe foam base layer reducing its thickness,;to a prefeired range of 100 ^im^t 
25 ^m. Biaxial orientation also reduces the hook density to the desired range, for a large 
area hpok fastener. , 

A large area fastener when used on a garment type appUcation such as. diapers or 
tiie like provides stability between the two engaged regions. A suitable large area.fastener 

25 . would have a surface area of 5 to 100 cm^ preferably 20 to 70 cm^. 
• men a large are^ 
engagement with, an outer surface of an article, the oversized fastener may be capable of 
fastening into any portion of the outer surface of the article. With this, the heed for a 
specific attachment region or target attochment zone can be eliminated if the garment can 

30 engage at some minimum level with the fastener. The larger area also ensutes Secure 
clbsure due to the fasteners size. As such, large areafoamedhook fasteners of the 
invention could potentiaUy eliminate the need for a separate loop component or other 
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"mating" festener component oh the. breathable 'backing:of the garineni: or article. Tlie 
increased size of the large area fastener also can eliniihate the :need for secondary fasteners 
or bonded areas (such as passiye bonds) that may be required to stabilize the overlapped 
. regions of the article or gamient. • 

5 . Use pflargear^afastener reduces the manufacturing compl^^ 

as an absorbent article by eliminating the need for addition?il bond points or multiple . 
fasteners to stabilize the fastening system of e.g., the frontandrear waist regions.' The 
addition of bond points or adchtional fasteners incre^ 

. manufacturing process. . ^ 

^-^ .. Specifically, a large areai hook fastener, is capable of directly 

surface- of a diaper provided with a relatively low loft nonwbveri without the need for an. 
expensive loop patch. The large area flexible hook fastener can also prevent inadvertent 
opening of the closure due to the large contket and attachment area creating a more stable 
gannent closure. The oversized hook fastener could also be used in a prefastened pull-on 

15 • type garment, due to its large area of large area contact, niaking the gannent suitably ^ 
stable for packaging and subsequent use. . 

Examples of suitable uses for this low hook density large area hook fastener, 
element, as a hook tab or patch, are illustrated in Figs. 9-12,^ 14 and 15. In Fig.. 9, a large * 
area foam fastening tab is attached to a breathable carrier substrate 92 such as a nonwoven 

10 web, which is attached to a diaper 90 as is known m The fastening tab could be of 

. . a size of fiom 5 to 100 cm^ preferably 20 to 70 cm^ and can be attached directly-to a low 
loft nonwoven 94 forming the outer cover of the diaper 90,^ Typically, this low loft / 
nonwdvenwould be a spunbond web, a bonded carded ot-a^ • 
the like. Fig. 10 is a variation of this fastening tab type construction for a diaper 95, 

15 . however, where the hook tab 96 is directly bonded to the. diaper 95, either at an ear cuto.ut 
portion or at the edge region of the diaper. Fig, 11 is a further embodiment of i large area 
hook tab 98 used with a pull up type, diaper design.97. ' In.fhis embodiment, the hook tab 
98 would engage a smtable mating region 99 dn.the opposite face pf the pull up diaper. Of 
course, these two elements could be reversed: In both cases, the mating region could be a 

iO nonwoven used to form the nonwqven outer cover of tiie diaper or the nonwoven fluid 
.penneabletopsheet. Fig. 12 is aixemboc^ent of {he mventionhbok W 
as a large area patch 101 on a feminine hygiene article 100/ The patch could he used as 
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the primary attachm^t element to.- the undergarment, bpti.onally a secondaiy attachment • 
• element .103 could be provided on attabhment Wings 102; the use of the low hook density 
element as a large area patch coiild also be used on a diaper where the patch could form a . 
part dr all of the diaper outer cover;' . 

.Fig. 1 3 is an example of the lairge area fastener 80 provided with a loop material 85 
• - on the face opposite that having the hook elements. The loop is a woyen or nonwoven . 
■ type loop and can he applied to the backing 81 of tie large area hook fastener 80 by " 
bonding 82! which can be adhesive, heat, pressur^ or sonic bonding combinations thereof 
This type of self-engaging fasteners 3 1 can be iised as a wrap 33 such as shown in 
Fig, 14, fdr use asaspbrtwrap. The self-engaging fastener can also be used ks a 
articles such as produce, vvhere softness would be beneficial. Fig. 1 5 shows the self- 
engaging ifastener 46 as a medical wrap which could be used with an absprbent jpad 44, ;f , ' 
dQsired, or use of the absorbent pad could be optional if the loop fabric was absorbent 

. . " TestMethQd.s • . ' ,:■ 

■ • ■ 135 Degree Peel Test . . . • . ' ' , ' ■ ^ •.. 

"iTie 13 5, degree peel test was lised to measure -th^ 
required to peel a sample of the mechanical fastener hook inaterial froii'a sample of Ibop 
; fastener material. A 5.1 cm x 12.7 cm piece6f a loop test material was securely placed on 

20 a 5. 1 cm X 12.7 cm steel panel by using a double-coated adhesive tape. The loop rhaterial 
was placed ontp the panel with the cross direction of the loop material parallM to the. long ■ 
dimension of the panel. A 1.9 cmx2,5 cm strip of the mechanical festener to be tested 
yvas cut with the long dimensioii being iii the machine direction of the web. A 2^5 <an 
'w^.de paper leader was attached to the smooth side of one end of the h^^ 

25 strip was then centraUy placed.on the Ip.op so.that there was a. 1 .9 cm x 2.5 cjn isontact area 
betvveen the strip and the loop material and the leading edge of the strip was.alpiig the 
length of the pah6>l. The strip and loop materiallaimnate was then Killed .by.haM, twice in 
each direction, using a 1 000 gram roller at a rate of approximately 30.5 cm J)er ninmte.' 
The sample was then placed in a 135 degree peel jig. Ths jig was placed into fbs bottom ' .. 

30 jaw of an Instron™ Model 1 122 tensile tester. The loose end of the paper -leader was 

. placed in tiie uppCT jaw of the tensile .tester^ A crossHead qjee^of 30.5 cmper minute and 
a chart recorder set at a chart speed of 50.8; cm per minute was used to record t^e peel 
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force as the hook strip was peeled firom the loop material at a constant angle of 135. 
. . • degrees. An average of the fpW highest peaks Was 

to remove the mechanical fastener strip frpm the. loop material was reported in grams/2. 54 
cm-width. A ininimmn of 1 0 tests were run and averaged for each hook and loop 
5 combinationj. ■ \. ' . . ' . 

. Loop material 'A' was used to measure the performance of the mechanical' fastener 
hook materials. Loop material 'A' is a nonwoven loop made similar to that described in 
■ U.S.PatentNp. 5,616,394 Example 1, available from the 3M Company as KN- 1.971. The 
loop test material was obtained i&om a supply roll of the material after, unwinding and 
10 discarding several revolutions to' expose "fresh" material. The loop test material thiis 

.obtained was in a relatively compressed state and was used iminediately in the peel test 
before any sigmficant relofimg of the lo^^^ 

135 Degree TwistPeel Test . • ; . ' 

. / A 135 degree twist peel test was used to measure the amount of force that W 

required to peel a sample of the mechanical ifaisterier hook materi^^ 
profile loop fastener material. A 1 .9 cm x 2.5 c^ strip of the mechanical fastener to be 
tested was cut with the long dimension being in tihe machine direction of the web^ A 2.5 
cm wide paper leader was attached to the smooth side of cm6 end of the hook strip. The 
20 hook maiterials were fastened to the low profile loop material using the ifollowing 

procedure: the hook naaterial, with hook side down, was placed onto the low profile loop 
backsheet material of a diaper. A 4.1 kg wdght measurin 

grit abrasive paper on lie tottorn surfaced, was placed on top of the hook material. To 
engage Uie hook with the backsheet loop material; tbe diaper was held securely flat and the 

25 weight was twisted 45 degrees to the right, then 90 degrees to the left, then 90 degrees 

.right and tiien 45 degrees left. The weight was then removed and the diaper was held firm 
against the surface of a 135 degree jig. stand inpunted into the lower jaw of anlnstron™ 
Model 1 122 tensile tester. The loose, end of the paper leader attached to the hook material 
was placed in the upper jaW of the tensile tester. A crosshead speed of 30.5 cm per minute 

30 ' and a chart' recorder set at a chart speed of 50.8 cm per minute was used to record the peel 
force as the hook strip was peeled from the loop material at a constant angle of 1 3 5 
degrees. An average, of the four hijghest force peaks was recorded in grams and was 
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reported iji grams;2.54 cpi-width; .10 different locations were tested on each diaper vv^ith 
the average of the 10 being reported in Table 4. 
. . . ; Loop nmterial 'B' was used tomeasure.tiie perf^ 

•hook material. Loop material 'B' is thenqnwoven side (i.e: outward facing side) of the 
backsheet of a Loviiig Touch diaper size !3. 

Density and Void Content 

- ' Density ofthewebj was nieasured using ASTMD792-86. The amount of blowing 
agent incorporated into the ifoamable polymer mixture is generaUy chosen to yield a foam 
haviiig a void content in excess of 10%;more preferably in excess of 20%, as measured by 
density reductioni [1 - the ratio of the density of the foam to that of the neat polymer] x 
100. Generally, greater foam void content r?duc?s the foam density, weight and material , 
coste for subsequent end iises. 

" iStif&ess •. . , . ' ^ . 

The conformability or stiffaess of the webs was measured using the Gurley 
StifSiess test as described in ASTMT543. • ... . 

Opacity 

. The opalcity of the webs was measured using ASTlyl D1746. 

Cell Size and Polvdisn ersitv of Cell Size Distrihntinn • 

A Leica microscope equipped with a zoom lens at a magnification of . . 
approximately 25X was used to take an optical micrograph of a cross-sedtion of the foam. 
The sizes of 20^ cells were measured and weight average and number average size was ' 
determined. Tlie ratio of the weight average size to their number average size is. reported' 
as the polydispersity of cell size distribution. 

Hook Dimensions ' 

The dimensions of the Example arid Comparative Exaiaple hook materials were 
measured using a Leic4 microscope equipped with a zopiri lens at i rhagnification of . 
api)roximately 25X, The samples were placed on a x-y moveable stage and measured via 
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'. .[ stag;e movement to the nQarest micron. A minimum of 3 xeplicates were used and : - 
_ - averaged for eaoh-dime 
' bblh before and after tiie orientation step. 

^ ■ '] • V Example 1 

' : .A mechanical fastener hook web was mMe using ai^^^ 
inFig. 1. Ablend;of 49% pplypropylene/polyethylene^impact cppbl>^ 
• ::Dow Chemicd Corp:, Midland, MI)/49% hig^i melt strength poly^^ homopolymer- 
; ' (FH34P0, Chissp Corp. Tokyo, Japan) and 2% chemical blowing agent concentrate; • 
■ 10 . , (TMl 307H, 5Q% .azodiQarbonamide/50% LDPE, Ampacet Corp., Tarxytbwh, NY) was 
::.extmded:with a 6.35 cm .sin^e.. sprew extruder (24:1 t/D) using a ^'humped'' barrel \ 
- .tempetature profile of iSS^C - 216^0 - ITT^C arid a die temperature of approximately 

204°e:. .Decomposition of the blowing agent in^ gaseous nitrogen occurred in the second 
. . .. zone of the extruder. The extrudate was extruded vertically downward through a die ' 
15 equipped wife a die lip haying an opening cut by electron discharge machining. After 

beingshapedby the die lip, the ex^^ tank ata speed of 10.4 

- : meter/min v^ith the water being maintained at approximately 1 6°C - 20°G The resx^Mng 
structute was foamed in its entirety, i.e. both the base fihn layer and the upstanding Hook 
■ rails were foamed. The web was then advanced through a cutting station where the ribs 
;2d - (^^^ \yere transversely cut at an angle of 23 degrees measured from tiie 

transverse direction of the web. The spacing of the cuts was 254 microns. After cutting . 
: the ribs, the base of the web was. longitudinally stretched at a stretch ratio of . 
, approximately 3.5 to 1 between a &st pair of nip rolls and a second pair of nip rolls to 
. . further separate the individual hook elements to approximately 8 hooks/cm. The upper 
25 roll of the first pair of nip rolls was heated to 143°C to soften the- web prior to stretching. 
There were appro?dmately 10 rows of ribs or cut hooks per centimeter. : The base.fihn 
layer had a thickness of appro3dmately 23^^^ 

elements wias approximately 520 - 570 microns as measured in the cross-direction of the 
web. The mean cell size of the foamcelis was 53' microns witha polydispersity index of 
30 . 1.08. Ilie cross-section of the web is sho\<^. in - . 
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.. Example 2 ' ' . . ' 

A mechanical fastener hook vyeb was made as in Example 1 except only the base 
.■ fihn iayerwas.foamed. . A blend of 49% pplypropyleme/polye^thylene impact copolymer 
(CI 04, 1.5 MFI, Dow Chemical), 49% high melt strength polypropylene homopolymer 
(FH3400) and 2% chemical blowing agent concentrate (FM13d7H) Was extruded \yith a 
6.35 cm single screw extruder (24: 1 ^D) using a ."humped^ barrel temperature profile of 

• nSX - 210°C -177°C and a die temperature of approximately 204X to form the bas^ 
> film layer; 100% C104 copolymer was used to form the non-foamed hook rails and was 
• extruded with a 3:8 cm single screw extnider (28:1 lyD) using a sloped barrel profile of • 
. 204°C in the feed zone to 232°C in the last zone. -The melt streams of the' two-extruders 
were fed to a three layer coextrusion feedblock (Cloeren Co.. Orange, TX) with the third 
layer inlet blocked.such that a two layer output resulted. The feedblock was mpiitited onto 
a 20 cm die equipped with the same profiled die 'hp as in Example 1.. The ffeekblock and ' 
die were maintained at 204°C. After being shaped by the dife lip, Ihb exfrudate was =. . 

- qupnched iri a water tank at a speed of 10.7 meter/min with the water being maintained at 
approximately 16°C -20°C. the web was then advanced. through a cutting station where 
the ribs (but not the base layer) were transversely cut at au angle of 23 de^es iiieiasu^ed 
,- ftom the transverse direction of the we>. The spacing of the cuts was 2^ micron^. After 

: cutting the ribs, the base of the web WM longitudin^ 
approjcimately 3.5 to 1 between a^t pair of nip rolls and a second pair nip roDs to 
further s^arate the individual hook elements to approxiinately 8 hooks/cm. The i^pet 
ton of the first pair of flip rolls, was heated to 143».G to. sbften the web prior tP stretching. 
There were approximately 10 rows of ribs or put Jiooks per centimeter. The base film 
layer had a thickness of approximately 240 microtis. . The width of the individu^ Ynodk 
elements was approximately 305 - 356 microns as measured in the cfoss-directio.n;of flie 
web. The mean cell size of tiie foam cells was 61 mictons with a polydispersity index of 



Example 3 

A.mechan^cal fastener hook web was made as. in Example 2 except the hook rails 
were foanied and flie base fihn layer was. iinfpamed, A blend of 49% C104 copolymer, 
49% FH3400 polypropylene and 2% chiemical blowing agent concentrate (FM1307H) was 
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extruded With a 3.8.cm single screw extruder (28:1 171)) using a,.'*humped" barrel 
temperature prome.ofl3.5°C v210X ..177^Cto fonn t^^^ 100% 7C06 impact 

cppolymer (Union Carbide CoiPm Danbury, CT) yi^as used to form the non-foamed base 
film hyer and was extruded with a 6.35. cm single screw extruder (24:1 IVD) using a 
sloped barrel profUe of 204°C in the feed zone to 232»C in the last zone. The melt 
streams of the two extmders were fed to a three layer coextrasion feedblock (Cloeren Co., 
Orange, TX) with Ae third layer inlet blocked such tliat a two layer ou^ut resulted! The 
feedblock. was inounted onto a 20 cm die equipped with a profiled die lip.. The feedblock 
and die were maintained at 204°C: After being shaped by the die lip. the extrudate was 
quenched in a water taiik at a speed of 4.6 metei/miii with the water being maintained at 
approximately 16°C-20°C. The resulting stmcture had a non-foamed base fihn layer 
with upstanding hook rails that were foamed approximately 70% of their height as 
measured fi-om the top downward towards the base. The web was then advanced tlffough 
a cutting station where the ribs (but not the base layer) were transversely cut at ;an. aiigle of 
23 degrees measured from the transverse direction of the web. The spacing of the cuts 
was 305 microns. After cutting the ribs, the base of the web was lohgitudinaUy stretched 
at a stretch ratio of approximately 3.5 to 1 between a first.pair of nip rolls anddsecond. 
pair of nip rolls to "further separate the individual hook elements to approximately 12 
hooks/em. The upper roU of tbs first pair of nip rolls was heated to 143°C to soften the 
wet> prior to stretching. There were approximately . 15 tows of ribs or cut hooks per 
centimetbr. The base fihn layer had a fhickiess of apprqjdmately 165 - 240 micrphs. The 
width of the individual hook elements was 4)ptoximately 200 microns as meastoed in the 
cross-direction of the web. The mean ceU size of the foam cells was 5 0 microns witti a 
' polydispersity index of 1 .03. 



Example 4 

A mechaiiical fistenef hook web was made iising Ifae microrepKcated molding 
process described in U.S. Patent l^To. 5,845,375 and apparatus similar -to that shown in Fig. 
1. A blend of 29% ultra low density polyethylene (AFFINITY 8200, Dow. Chemical 
Corp.), 68% high melt strength polypropylene homopolymer (PROFAX PF8 14, Basell 
USA) and 2% FM1307H chemical.blowing agent concentrate was extruded with a 6.35 . 
cm single screw extrader (24:1 L/D) usirig a "humped" barrel temperature profile of 
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^ - 143^C - 232^C - 154*^0 and a die temperature of approximately 163°C, Decomposition of 
the blowing agent into.gaseous nitrogen occurred in the second zone of the extruder. The. . 
extrudate was extriided vertically downward at a linespeed of 4.3 meter/min into a nip 
• formefd by a silicone rubber covered roll aiid a steel roll. Nip pressure was controlled to 
5. 1 . 1 kg/cm^.(l 5 .psi) and the temperatures of both rolls were maintained at 32°C. Jhe 
• . silicone rubber covering of the rubber roll was machined to have caLvities approximately . - ' 
2300 microns in .depth at a roll surface density of approximately 46 caivities per square 
centimeter using the process, described in U:S . Patent No. 5,792,4 1 1, The me^n- cell size, 
of tiie foam cells was 58 microns with a polydispersity index of 1 .07. The small cell sizes 
10 ofthe foamed melt allowed for accurate repiieation of t^^ 

resulting in a foamed base film of approximately 1020 roicrons iii thickness having 
discrete upstanding foamed proj ections approxiinately 760 microns in height. ' 

* ' . • Comparative Example CI 

.^5 A mechanical fastener hook web was made, similar to Example 1 except no high .. 

melt strength polypropylene was used in the blended extrudate which consisted of 98% 
7C06 copolymer and 2% FM1307H bl^^ 

polypropylene resulted in significantly larger foam cell sizes in the extrudate and as a 
result, replication of the die lip profile was very poor with sigriificant feature distortions. 
2Q . An optical photograph of a cross-section of the web is shown in Fig. 6. 

Table 1 below shows some of the dimensions and properties of the webs prior to 
the cutting and orientation step. • 
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Table 1 



Example 


Density 


Void Content 
(%) 


Base Thickness 
(nm). 


Hook Rail 
Height (Mxn) 


•1, • 


0.518 


40 


229 . 


592 . 


2 


0,603 


32.5 .. 


241 


442 


3 




10 


203. ■ 


546 . .. ■ . 



5 Table 2 below shows some of the dimensions and properties of the webs after the 

cutting and orientation step. , V . 

; Table 2 ' \ ■ 



Example 


Density 


. Base Thickne;ss 


HookRail 


Hook Thickness 




(g/crn^) 


(pm) 


Height (mn) 


(^im) 


1 


0.444 


109 


•541 . , 


254 


2 


0.442 


97 


648 


254..-. 


3 




74. , • 


439 


305 



Table 3 below shovirs some additional properties of tiie hook materials. : 



Tables 



Example 


135 Peel 
Strengfii (g/cm) 


135 Twist Peel 
Strength (g/cm) 


Guxley:Stif&iess 
(mg) 


Opacity 


1 




43 


16 ' 


49.6 


2 






10 




3. 


44 


45 
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WE CLAIM: 



. ■ ■ ■ ■ 1 • A foamed article comprising a polymer foam base layer having at least one 
• outer face, said outer face containing over at least one area a plurality of integrally foamed 
5 ' • 'surface microstructures comprised of voids, said microstructures. having at least.onp 

dimension which is greater than 10 microns and the voids forming the foam having a mean 
cross-sectional dimension less than the smallest cross-sectional .dimension .of the . . 
microstructure. ' . . .. 

■ , . ^« foamed article of claim 1 wherein the smallest inicrostructure cross- 

section dimension is a widtii or thickness dimension and is about 50 microns or more,, the 
. microstructure has a height of generally 1000 microns, the ratio of the mean foam cell size 
to the smallest cross-sectibnal dimension is 0.75 or less, the polymer is at least in part a 
high melt strength polypropylene having a melt strength in the range^ of 25 to.60 bN at 
15 190°C^d the base lay?r is oriented in at least one direction. 

3. .' The foamed article of cl^^ 

is a width dimension of about 50 microns or more, 1he W»osttucture has a ha^^ 
; , : generally 750 microns or less, the ratio bfW mean foam ceUsize^ to • 
20 sectionkldimep^ion is 0.5 or less, the polymer is at least in part^ . 

polypropylene having a;melt Wisngtii of 30 to 55 cN at: 190°Q and f^^ 
briented in at least one direction. <. i 

. 4. . The foamed article of claim 1 wherein th6 ratio of the foain ceU size to the 
t5 ... smallest cross-section dimension is 0;75 microns or less, aiidth^ minimum microsti^ctiiie 
height is 200. microns of more. . . ■ ' 

5. The foamed artcleofclaiml wherein the ratio ofthe foam cell size to the 
smallest cross-section dimension is 0.5 microns or less and a riiinimum microstructure 
p height is 300 microns or more. . 
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6. "I^e foamed article of claim I wiierein^^m^ 
crbss-sectidiial ejcteiit of-SO microns or more. . . 



7. . -T^e foamed aiidcle 0f«laim 1 wKer 
microns or more. . ' 

. . ."^^ fpariied articlb of claim 1 whereifi microstructure has a maximvmi 

cross-sectional extent of 300'pucrbns 'or less.. . \ . , ' '• 

. ...9. The -foamed Midcle of claim 1 wherein microstructure has a niaximum 
cross-sectiohal ejDtent of 200 microns or less. 

lO; The foamed article of claim 1 y^^^ 

. . 1.1 . The foamed article of claim 1 Q wherein' the foain has a cell size of firom 5 
to 50 microns £md a cell size polydispeKity from 1 to 2. ■ ... 

.12.; The foa.med article of claim 10 wherein.the microsliixctufes. comprise hook . 
structures. ... 

13 . A disposable absorbent article having at least one hook closure tab and a 
mating fibrous structure, the hoolc closure tab comprising a polymef foam base layer 
haying at least one outer face, said outer face containing over at least one area a plurality 
of foamed surface microstructures comprised of vdids, said microstructures having at least 
one dimension which is less than 1 0 microns and the vpids.forming the foam having a 
cross-sectional dimension less than the smallest cross-sectional dimension of the " 
microstnicture where the n^crostrucixures are hook sto^ 

14. Thefdamed article of cW IS whe^^ 
l.Bmmheight. . 



15 



!0 



5 
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15. 

hooks crd. 



is from 60 to lOQO 



5 . * a head portion. . . . *' ■ ' . . 
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